
                                                           

 

ERM NC, Inc. 
 
15720 John Delaney Drive 
Suite 120  
Charlotte, NC 28277 
Tele: 704-541-8345 
Fax:704-624-7928  
www.erm.com 

 

 

 

 

April 22, 2014 
 
 
 
Mr. Lucas Berresford 
SCDHEC – State Voluntary Cleanup Section 
Bureau of Land & Waste Management 
2600 Bull Street 
Columbia, SC 29201 
803-896-4071 

   
Subject: In-Situ Chemical Oxidation Pilot Test Work Plan  

Joslyn Clark Controls, LLC Facility 
2013 West Meeting Street  
Lancaster County, South Carolina 

   

Dear Mr. Berresford: 

On behalf of Joslyn Clark Controls, LLC, ERM NC, Inc. (ERM) is pleased to 
present one hard copy and one electronic copy of the In-Situ Chemical 
Oxidation Pilot Test Work Plan for the above referenced site.  A UIC 
permit application has also been submitted to Mr. Mr. Christopher 
Wargo at the UIC Section.  We look forward to your expeditious review 
and approval.  

Should you have any questions or comments, feel free to contact us at (704) 
541-8345.  
 
Sincerely, 

      
Rick Tarravechia, P.G.    Michael Pressley, P.G.  
Partner in Charge     Project Manager 
 

cc:  Mr. Carl Grabinski – Joslyn Clark Controls 
 



 

 

  

In-Situ Chemical Oxidation 
(ISCO) Pilot Test Work Plan 
 
Joslyn Clark Controls Facility 
2013 W. Meeting Street 
Lancaster, South Carolina  

April 8, 2014 



 

 

 
 
 
 
 

WORKPLAN 

Joslyn Clark Controls, Inc.  

In-Situ Chemical Oxidation (ISCO) 

Pilot Test Work Plan 

2013 W. Meeting Street, 
Lancaster, South Carolina  

April 8, 2014 

  
Rick Tarravechia, P.G.  
Principal-in-Charge 
 

 
  
Michael Pressley, P.G.  
Project Manager 
 
 

 
  
Ed Hollifield, P.G.  
Technical Director 

 
ERM NC, Inc. 

15720 John J. Delaney Drive 
Charlotte, NC 28277 

T: 704-541-8345 
F: 704-624-7928 



 

ERM I Joslyn Clark – Pilot Test Work Plan 

TABLE OF CONTENTS 

ACRONYMS II 

1.0  INTRODUCTION 1 

2.0  BACKGROUND 2 

3.0  COMPOUNDS OF CONCERN 4 

4.0  SUMMARY OF SITE CONCEPTUAL MODEL 5 

5.0  ISCO REMEDIATION PILOT TEST 7 
5.1   Description Of The Permanganate Technology 7 
5.2  Chemical Oxidation Pilot Study Activities 8 
5.3  Permits  8 
5.4  Utility Clearance  8 
5.5  Injection Well Installation  8 
5.6  Observation Well Installation  9 
5.6  Baseline Groundwater Sampling 9 
5.7  Isco Injection Event  10 
5.8  Post Isco Groundwater Monitoring Program 10 

6.0  INVESTIGATION-DERIVED WASTE HANDLING, CLASSIFICATION, AND 
DISPOSAL 13 

7.0  SCHEDULE 14 

FIGURES 
Figure 1 – Site Location Map  
Figure 2 – Site Layout Map 
Figure 3 – TCE Isoconcentration Map and Injection Well and Observation Well Location 

Map 
 

APPENDICES 
Appendix A - Laboratory Analytical Data Sheets – SOD Results 
Appendix B - UIC Permit Application  
Appendix C - Injection Well Construction Diagram, Boring Log, and Construction 

Record 
Appendix D – Observation Well Construction Diagram, Boring Log, and Construction 

Record 



 

ERM II Joslyn Clark – Pilot Test Work Plan 

ACRONYMS 

AS/SVE Air Sparge/Soil Vapor Extraction 

COCs Constituents of Concern  

DCE Dichloroethene 

DO Dissolved Oxygen 

EPA Environmental Protection Agency 

ERM Environmental Resources Management 

FT BLS Feet Below Land Surface 

ISCO in-situ Chemical Oxidation  

MCLs Maximum Contaminant Levels 

KaMnO4 Potassium Permanganate  

O&M Operation and Maintenance 

ORP Oxidation Reduction Potential 

PCC Post Closure Care 

PRBs Permeable Reactive Barriers  

PRGs Preliminary Remediation Goals  

PWR Partially Weathered Rock 

RCRA Resource Conservation Recovery Act 

RI Remedial Investigation  

SCDHEC South Carolina Department of Health and Environmental Control 

SCM Site Conceptual Model  

SII Siemens Industries Inc. 

SPLP Synthetic Precipitation Leaching Procedure 

SVE Soil Vapor Extraction 

SWMU Solid Waste Management Unit 

TCE Trichloroethene 

VOCs Volatile Organic Compounds 
Note: See document for acronym context  
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1.0 INTRODUCTION 

ERM NC, INC (ERM), on behalf of Joslyn Clark Controls, Inc. (Joslyn Clark), is 
submitting this In-Situ Chemical Oxidation (ISCO) Pilot Test Work Plan for the Joslyn 
Clark site located at 2013 W. Meeting Street in Lancaster, South Carolina.  A site 
location map for the Lancaster, South Carolina facility is presented as Figure 1, and a 
site layout map is provided as Figure 2. This Pilot Test is being conducted as part of a 
Feasibility Study under preparation for the subject property.  The purpose of the Pilot 
Test is to evaluate ISCO as a remediation technique for treating contaminated 
groundwater at the source area.  The site remediation effort is being performed under 
Voluntary Cleanup Contract (VCC) 13-5875-RP executed between Joslyn Clark and 
SCDHEC on October 2, 2013. 
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2.0 BACKGROUND 

The subject property consists of 23 acres of land and is developed with two main 
buildings.  The now vacant former manufacturing building was constructed in 1964 and 
consists of approximately 180,000 square feet of floor space.  The now vacant former 
warehouse/storage building was constructed in 1967 and consists of approximately 
14,400 square feet of floor space.  The subject property has been used to manufacture 
electrical control equipment for fire safety purposes since its construction in 1964.  
Figure 2 illustrates the general property layout. 

The principal raw materials for manufacturing onsite included sheet metal, copper 
wire, pre-manufactured metal and plastic components, electrostatic paint, and oil-based 
paint.  Joslyn Clark’s primary production included the fabrication of metal cabinets, 
which were populated with various electrical, plastic, and metal components purchased 
from other off-site manufacturers.  The Joslyn Clark facility had been a regulated source 
of air emissions, industrial wastewater discharge, and hazardous waste. 

Previous site assessment activities have included: 

 A Phase I Environmental Site Assessment (ESA) was conducted by ERM in 
January 2009 that identified potential environmental concerns related to a former 
metal plating operation and a former degreasing operation which used 
trichloroethylene (TCE) as a solvent.   

 Phase II ESA activities conducted in 2009 included the installation of 15 soil 
borings and seven permanent monitoring wells (MW-1 through MW-7) to assess 
areas of potential environmental concern identified in the Phase 1 ESA.  TCE was 
detected in several soil samples at low concentrations.  TCE was also detected in 
four monitoring wells at concentrations ranging from 7.7 μg/L to 2,700 μg/L, 
which is above the established South Carolina Maximum Contaminant Level 
(MCL) of 5.0 μg/L.   

 During January of 2011, Joslyn Clark conducted a sensitive receptor survey 
(SRS).  The SRS indicated that the closest water supply well to the site was 
located at a trailer park about 645 feet upgradient from the Joslyn Clark site and 
according to the property owner, was not in use.  The next closest water well was 
almost 3,500 feet from the Joslyn Clark site, also in the general upgradient 
direction.  

 Phase III ESA activities were conducted in 2011 to further delineate the volatile 
organic compound (VOC) plume in groundwater and collect additional soil 
samples.  Three additional shallow monitoring wells (MW-8, MW-9 and MW-10) 
were installed to further evaluate the horizontal extent of the VOC plume.  Two 
deep wells (MW-3D and MW-10D) were installed to evaluate the vertical extent 
of the VOC impacted groundwater at the site.  Groundwater samples collected 
during the Phase III activities showed multiple chlorinated compounds, with 
TCE and PCE being the most prevalent.   
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 A passive soil gas survey (SGS) took place on November 27-29, 2012 with the 
installation of 60 soil gas points in the northwest portion of the manufacturing 
building.  Twenty-five (25) VOCS were identified in the soil gas samples.  The 
highest VOC concentrations were found at the two locations in the northwest 
portion of the building, in the vicinity of the former wastewater treatment room, 
and the former paint booth and sump (southwestern portion of the building).    

 During March and April 2013, ERM conducted a Remedial Investigation at the 
facility in order to further characterize the source of the observed TCE plume 
originating inside the building and to collect additional information to facilitate 
subsequent groundwater remediation activities. Activities included the 
installation of five soil borings, one temporary well and three permanent 
monitoring wells inside the building (MW-11, MW-11I, and MW-11D).  The 
results of these activities included:  

o The passive soil gas study indicated that PCE and TCE vapors are present 
within the pore space of the soil in the vicinity of the former wastewater 
treatment room and former paint booth and sump (southwestern portion of 
the building).  Confirmatory samples collected from these areas did not 
identify the presence of chlorinated VOCs in soil.  

o 1, 4-Dioxane was detected in soil samples collected from each of the five 
borings at the shallow (3-5 foot) and deep (13-15 foot intervals.  The 
concentrations ranged from 0.404 mg/kg to 0.992 mg/kg, which exceeded the 
risk-based protection of groundwater standard of 0.00014 mg/kg, but not the 
residential soil screening level of 4.9 mg/kg.  1, 4-Dioxane was detected in 
only two groundwater samples, temporary well GP-19 (0.95 ug/L) and 
shallow well MW-11 (0.787 ug/L).   

o  The vertical extent of VOC-affected groundwater has not been completed 
defined; however, the bulk of the VOC mass in groundwater is at the shallow 
depths, further delineation of the vertical extent of TCE-affected groundwater 
is not necessary for remedial purposes.   

o The horizontal extent of the TCE-affected groundwater at the site is 
delineated and the TCE plume is confined to the subject property. 

 A human health risk assessment (HHRA) was conducted and the results indicate 
there is limited risk/hazard to human health receptors at the site, with the 
exception of site/ maintenance workers who may be exposed to organic vapors 
migrating from groundwater, and to a lesser extent construction workers who 
may contact impacted subsurface soil during future excavation or trenching 
activities.  

Figure 3 presents a groundwater isoconcentration map for TCE in groundwater 
using the data from the most recent comprehensive groundwater analytical 
sampling event (May and June 2013).  It should be noted that monitor well MW-9 
was installed proximal to the two former off-site wastewater lagoons.  The former 
lagoons are not associated with the Joslyn Clark site. 
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3.0 COMPOUNDS OF CONCERN 

This section lists the constituents of concern (COCs) identified for the Site based on the 
collective results of the RI assessment activities and groundwater monitoring program.  
Based on the results of the voluntary assessment, risk from the minor residual soil 
impact is negligible. Therefore, the focus of this pilot test is on remediation of impacted 
groundwater at the source area. 
 
Based on the most recent sampling results (May and June 2013), COCs in groundwater 
are predominantly trichloroethene (TCE) and its associated daughter products, as 
summarized in the following table:  
 
Maximum TCE and Daughter Product Concentrations in Source Area Groundwater 
(September 2009 – June 2013) 

Compound 
Maximum Concentration 

(µg/l) 
SC MCL Groundwater 

Standard (µg/l) 
Trichloroethene 3,200 (MW-3) 5 
1,1-Dichloroethene 155 (MW-11) 7 
cis 1,2-Dichloroethene 64.8 (MW-11) 70 
Vinyl Chloride Not Detected 2 

µg/L = micrograms per liter 
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4.0 SUMMARY OF SITE CONCEPTUAL MODEL 

The Site is located near the Western Piedmont Physiographic Province of South Carolina.  
According to the Geologic Map of South Carolina (1997) and The Geology of the Carolinas, 
Horton and Zullo, 1991, the Lancaster area is located within the Charlotte Belt and is 
specifically underlain by mica gneiss. Saprolite, a layer of weathered and variably 
decomposed bedrock, commonly mantles bedrock in this region.  Saprolite has the 
appearance of compact clayey to sandy soil, with original bedrock textures and features 
preserved.  A partially weathered rock (PWR) zone (transition zone) is commonly present 
between the saprolite and competent underlying bedrock. 
 
Soils encountered during drilling activities consisted of light brown to orangish-brown, 
fine-grained, micaceous clayey silt from near the surface grade to approximately 10 feet 
BGS.  The soil changes to mostly coarse-grained sand (saprolite) between 10 feet and 
approximately 80 feet BGS.  Density of the saprolite increased with depth, resulting in 
hollow-stem auger refusal at approximately 35 feet BGS. Bedrock was encountered 
between 50 feet below grade surface (BGS) in the northeast corner of the property and 
80 feet BGS in the southwest corner of the property. 
 
Groundwater in the shallow saprolite zone occurs in the interstitial pore space of the 
saprolite.  The depth to groundwater in the saprolitic zone at the subject site ranges from 
42 to approximately 50 feet below grade.  The assessment activities at the site indicated 
that the saprolite aquifer zone extends from depths of 42 feet to 143 feet (approximately 
101 feet of saturated zone).   The saprolite at the site is characterized by orange to-brown, 
fine-grained, sandy silt to approximately 70 feet below grade, where it then grades into 
a tan and greenish-grey partially weathered siltstone.  Groundwater flow in the saprolite 
and partially weathered rock zones is governed by water table conditions.  This means 
that groundwater will flow under unconfined conditions and generally mimic 
topography.   Therefore, groundwater movement will be from upland areas (recharge 
zones) to nearby surface streams (discharge zones, such as Cane Creek and its tributaries, 
farther to the southeast).   Contaminant transport of VOCs typically follows the advective 
flow of groundwater. 
 
During the assessment activities, one double-cased, bedrock well was installed (MW-11D) 
into the very top of the mica gneiss bedrock.   Competent bedrock surface at the site was 
encountered at 143 feet below land surface (bls).  Above 143 feet, thin, intermittent layers 
of hard bedrock and weathered saprolite had been encountered.  Deep well MW-11D was 
installed to a depth of 150 feet, 7 feet into competent bedrock (mica gneiss).  Because 10 
feet of well screen was utilized in MW-11D, the well straddles the saprolite/bedrock 
interface. 
 
Hydraulic conductivity for the Site has been calculated during the RI using slug test data 
collected from monitor wells MW-3, MW-7, MW-11, MW-11I, and MW-11D.  
The data from the slug tests were analyzed using the Bouwer and Rice solution. The 
results of the hydraulic conductivity tests are as follows: 
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Well Location   Hydraulic Conductivity (Feet/day) 
MW-3      0.0281 
MW-7      0.1104 
MW-11      0.7391 
MW-11I      0.4555 
MW-11D      1.4373 
 
Using the geometric mean hydraulic conductivity (Kh) of 0.1319 feet per day, assuming 
an effective porosity (n) of 0.25 for silty sand, and a gradient (dh/dl) of 0.0108 (as 
measured between MW-1 and MW-10), the average linear velocity for the shallow 
aquifer at the site is 0.0057 feet per day (2 feet per year).  However, based on the 
approximate length of the VOC plume (≈1,050 feet); the age of the building (49 years - 
constructed in 1964); and assuming that the release affected groundwater within 10 
years of building construction, a better groundwater flow estimate may be within the 
range of 20 to 30 feet/year.   
 
Based on this model and the distribution of VOCs in soil and groundwater, the following 
conclusions are made concerning chemical transport mechanisms at the site:  
 

1. Dense non-aqueous phase liquid (DNAPL) is not present at the Site. 
2. Contaminants of concern are not present in the soil above EPA soil screening 

levels for residential or industrial settings (see Tables 1 and 2).  TCE, the primary 
constituent of concern in groundwater, was detected in three soil samples, the 
highest concentration being 0.043 mg/kg in GP-3 under the former plating area 
(source area vicinity).     

3. Vapor phase transport – volatilized contaminant mass may migrate through the 
vadose zone due to advection and diffusion, thereby creating a vapor plume near 
the source area.  The results of the passive soil gas survey conducted in December 
2012 verified the presence of TCE in soil vapor in the vicinity of the source area. 

4. Groundwater transport – dissolved phase contamination below the water table 
will be transported primarily by the process of advection. However, many 
transport processes (e.g. molecular diffusion, adsorption, chemical and biological 
transformation, and colloid-facilitated transport) will affect the dissolved phase 
contaminant transport. 

5. Surface water transport – dissolved phase contamination present in the Site 
groundwater system is contained onsite, and has not encountered any hydrologic 
boundary (i.e., creeks, ponds, or intermittent drainages). 
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5.0 ISCO REMEDIATION PILOT TEST  

5.1  DESCRIPTION OF THE PERMANGANATE TECHNOLOGY 
 
Several types of chemical oxidants are potentially applicable to the site including ozone, 
Fenton’s Reagent, and sodium permanganate. In-depth information on available 
oxidants is outlined in Technical and Regulatory Guidance for In Situ Chemical Oxidation of 
Contaminated Soil and Groundwater (The Interstate Technology & Regulatory Council, 
January 2005).  For the purposes of this pilot study, sodium permanganate will be 
utilized as the chemical oxidant.  Sodium permanganate offers the following 
advantages: 1) It has been documented to be effective against the site-specific chemicals 
of concern, including trichloroethene (TCE) and 1,1-dichloroethene; 2) it is the most 
environmentally stable oxidant available; 3) It is safe to handle with respect to its 
chemical characteristics and reactivity; and 4) It is easy to monitor the distribution of 
sodium permanganate within the subsurface due to its distinct purple color. 
 
The oxidative reaction between sodium permanganate and chlorinated alkenes, such as 
TCE, breaks the bonds between carbon atoms and dechlorinates the individual 
molecules, resulting in the production of carbon dioxide. In this reaction, several 
byproducts, including carbon dioxide, manganese dioxide, chloride, and hydrogen ions 
are generated and released to the groundwater. The byproducts of this reaction are not 
expected to be a problem since most are either innocuous or will readily react with 
aquifer material and subsequently stabilize.  It is well documented that sodium 
permanganate has the ability to oxidize chlorinated alkenes in groundwater. However, 
the oxidant is not selective and any compound that can be oxidized that is present in the 
soil and groundwater will consume the sodium permanganate. The results of the 
permanganate natural oxidant demand (PNOD) tests on the saturated zone soil in the 
proposed treatment area indicated that the PNOD ranges between 0.0 and 0.8 grams of 
sodium permanganate per kilogram of sandy silt.  Copies of the analytical results are 
presented in Appendix A. 
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5.2 CHEMICAL OXIDATION PILOT STUDY ACTIVITIES 
 
The pilot study will focus on the source area located inside the former manufacturing 
building.  This source area is located in the vicinity of MW-3, where the highest 
concentrations of TCE (relative to Joslyn Clark’s activities) have been detected at the 
site. Two permanent injection locations will be installed in a line approximately 7.5 feet 
upgradient of MW-3, spaced 10-feet apart.   
 
The implementation of this pilot study consists of several components, as follows: 1) 
Regulatory permit acquisition; 2) Utility clearance; 3) Installation of two pilot test 
injection wells and one new pilot test observation well; 4) Collection of baseline 
groundwater samples; 5) Injection of the sodium permanganate solution into the 
injection wells during a single event; 6) Conduct quarterly groundwater monitoring 
events within the pilot test area for one year; and 7) Evaluate the groundwater 
monitoring data and incorporate the data evaluation results into the Feasibility Study.  
The components of this Pilot Study are presented below in order of completion during 
the test. 

5.3 PERMITS 
 
An Underground Injection Control (UIC) permit for the injection of oxidant (sodium 
permanganate) to groundwater will be required.  As such, a UIC permit application 
was submitted to the UIC board under separate cover and is attached herein in 
Appendix B.  A more detailed description of the injection and observation wells, 
including depths, spacing, and screened intervals, is presented in Section 5.5.   

5.4 UTILITY CLEARANCE 
 
Prior to commencement of drilling activities, proposed drilling locations will be marked 
for underground utility clearance.  South Carolina One Call (Call 811) will be notified 
no less than 48 hours prior to the start of work. In addition, a private utility locator will 
be retained to identify underground utilities in the vicinity of the drilling locations.  
 

5.5 INJECTION WELL INSTALLATION  
 
Two injection well clusters (IW-1 and IW-2) were completed on March 13, 2014 using 
conventional rotary hollow stem drilling and air rotary methods. The wells were 
installed as monitor wells under Permit No. MW-09521, issued February 20, 2014.  
Figure 3 illustrates the relative location and orientation of the wells with respect to MW-
3.  The two injection wells are  approximately 9 feet upgradient of existing well MW-3, 
each spaced 10 feet apart.   
 
The borehole for injection well cluster IW-1 was advanced to a depth of 73 feet below 
surface grade (bsg).  Auger refusal was encountered at this location at approximately 50 
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feet bsg.  Air rotary drilling was then used to advance the borehole to 73 feet bsg. The 
wells were constructed with 2-inch diameter PVC materials with 10 feet of 0.010-inch 
machine slotted well screen.  Screened intervals were set at 63-73 feet bsg and 50-60 feet 
with solid riser pipe to within 6-inches of the ground surface.  Two feet of hydrated 
bentonite sealed the annulus between the two wells screens.   
 
The borehole for injection well cluster IW-2 was advanced to a depth of 70 feet bsg 
where auger refusal was encountered.  The wells were constructed with 2-inch diameter 
PVC materials with 10 feet of 0.010-inch machine slotted well screen.  Screened intervals 
were set at 63-70 feet bsg and 50-60 feet with solid riser pipe to within 6-inches of the 
ground surface.  As with IW-1, two feet of hydrated bentonite sealed the annulus 
between the two wells screens.   
 
Each of the four injections wells have been designated by either an “A” or a “B” 
following the IW-1 or IW-2 designation in order to identify the depth.  For example, 
injection well IW-1A designates the shallow injection well installed at the IW-1 well 
cluster, while IW-1B will designates the deeper injection well at that same location.  
Well construction diagrams, boring logs, and construction records are presented in 
Appendix C. 

5.6 OBSERVATION WELL INSTALLATION  
 
One 2-inch diameter groundwater observation well (designated OW-1) was completed 
on March 7, 2014 at a distance of 7.5 feet downgradient of MW-3.  Auger refusal was 
encountered at approximately 60 feet bsg.  The well was therefore constructed with 10 
feet of slotted well screen, from 50 to 60 feet. Existing monitor well MW-3 will also serve 
as an observation well during the pilot test.  Figure 3 illustrates the proposed locations 
of the two injection wells around MW-3 and the observation well.  A well construction 
diagram, boring log, and construction record are presented in Appendix D.  
 

5.6 BASELINE GROUNDWATER SAMPLING 
 
ERM will collect baseline groundwater samples from the two clustered injection 
locations (four samples – IW-1A, IW-1B, IW-2A, and IW-2B), existing monitor well MW-
3, and observation well OW-1prior to injecting the chemical oxidant. These samples will 
be used to evaluate baseline groundwater conditions prior to introducing the sodium 
permanganate into groundwater. The samples will be collected by low-flow purge 
techniques used during the RI and other onsite sampling events.  The baseline 
groundwater samples will be analyzed for the following: 
 
 VOCs by EPA Method 8260;  
 Sodium and manganese by EPA Methods 6010; 
 Chloride by EPA Method 300.0; 
 General water quality parameters, including dissolved oxygen concentration, 
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reduction/oxidation potential, specific conductivity, turbidity, temperature, and pH. 
 
All groundwater sample analyses will be performed by a South Carolina certified 
laboratory, except general water quality parameters, which will be measured in the field 
during purging activities with an in-line, flow-through cell. All groundwater samples 
submitted for laboratory analyses will be preserved, stored, and shipped in accordance 
with the guidelines provided in the RI work plan.  

5.7 ISCO INJECTION EVENT 
 
Upon SCDHEC approval of the UIC and drilling permit applications and issuance of 
the appropriate permits, ERM and its subcontractors will mobilize to the site with 
equipment and personnel necessary to complete the injection.  Sodium permanganate 
concentrate will be shipped directly to the site and staged near the southern loading 
dock and in the area of the planned injection. Approximately 500 gallons of 5% sodium 
permanganate solution (approximately 48 gallons of Remox L® and 452 gallons of per 
injection point) will be mixed and pressure injected at the site into each of the injection 
points (four wells located at two cluster locations (see Section 5.5)). A layout of the 
injection points is provided as Figure 3.  This oxidant injection application approach is 
anticipated to facilitate the vertical distribution of oxidant though the upper 25 feet of 
saturated zone. The sodium permanganate solution has a specific gravity greater than 
that of water, and can be expected to migrate vertically downward over time, 
potentially allowing for continued treatment within the deeper saprolite aquifer zone.  
The locations of the injection well clusters and the observation well will be surveyed by 
a South Carolina licensed surveyor. 
 
The above procedure may be modified in the field based on site conditions, as 
necessary. Any such modifications will be reported to SCDHEC within 24 hours via 
telephone or email.  In the event that the borehole is not as receptive to injection as 
expected, the injection will be suspended for a period of 10 to 15 minutes and then 
restarted. The total injection volume and location of each borehole will be noted in the 
field logbook. 
 

5.8 POST ISCO GROUNDWATER MONITORING PROGRAM 
 
Five post injection monitoring events are planned as part of this pilot test over the 
course of one year.  After the first year of post ISCO monitoring, the groundwater 
monitoring program will be evaluated and modified to meet evolving project objectives.  
Revisions to the groundwater monitoring program will be submitted to SCDHEC for 
approval.  
 
The first monitoring event will be conducted the day after the chemical oxidant 
injections are completed, in order to determine the lateral distribution of the chemical 
oxidant solution within the immediate vicinity of the injection point. The sodium 
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permanganate solution that will be injected during the pilot study will have a distinct 
purple color, which is easily identified when present in groundwater. Therefore, 
groundwater samples will only be collected for visual color observation during this 
monitoring event to determine the lateral distribution of the sodium permanganate 
solution around each injection point.  
 
Additional post ISCO monitoring events will be performed 90, 180, and 270 days 
following the injection event, as described below: 

 Gauging depth-to-water in wells MW-2, MW-3, OW-1, OW-2, and all four 
injection well points; 

 Making a visual observation in the above referenced wells for the absence / 
presence of sodium permanganate which is readily identified in the well by a 
characteristic dark purple color; 

 In the absence of sodium permanganate, sampling of the wells as outlined in 
Section 5.6.   

The fifth post ISCO monitoring event will be conducted one year following the injection 
activities, and will include gauging and sampling of all onsite monitor wells for VOCs 
(EPA Method 8260).  Any of wells which still exhibit a purple color will be treated with 
ascorbic acid to quench the oxidation reaction and a allow for VOC analyses.  In 
addition, wells MW-3, OW-1, and all four injection well points (IW-1A, IW-1B, IW-2A, 
and IW-2B) will be analyzed for the other constituents outlined in Section 5.6. 

5.8.1 QA/QC Sampling  
 

Blind duplicate samples are proposed for groundwater samples at a rate of one blind 
duplicate sample per 10 standard samples.  Additionally, one trip blank per cooler will 
be prepared by the laboratory for transport and analysis during monitoring well 
sampling activities.  QA/QC groundwater samples will be analyzed for VOCs by EPA 
Method 8260B. QA/QC samples will be evaluated in regard to standard industry data 
quality indicators, including bias, completeness, comparability, precision, and method 
sensitivity. 

5.8.2 Health and Safety Considerations 

A comprehensive Health and Safety Plan (HASP) will be developed for the site to guide 
safe work practices during implementation of the ISCO activities.  All field work will be 
conducted in conformance with the HASP.  
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5.8.3 Post ISCO Implementation Reporting 
 
A summary of the ISCO injection event and subsequent post injection groundwater 
monitoring events will be presented to SCDHEC in the quarterly Progress Reports as 
required by the VCC.  The Progress Reports will include analytical results /laboratory 
results and figures showing the actual installed location of the injection and sample 
points.  Copies will be provided to the UIC board. 
 
A final ISCO pilot test report will be submitted following the completion of the year-
long test which will include detailed analysis of the test results.  The report will present, 
at a minimum, the trend of oxidant and VOC concentrations in the pilot test area, 
discussions, conclusions, and recommendations based on the information obtained 
from the pilot test activities. 
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6.0 INVESTIGATION-DERIVED WASTE HANDLING, CLASSIFICATION, AND 
DISPOSAL 

It is anticipated that the proposed activities will generate the following investigation-
derived wastes: 

• Soil boring cuttings and decontamination fluids generated during injection well 
and observation well installation are currently stored in a secured area inside the 
building and are containerized and labeled; 

• Purge water generated during monitor and sampling. 

 
Wastes will be containerized immediately upon their generation in 55-gallon steel 
drums.  The container will be properly labeled and transported to a secure storage area 
within the facility building.  The IDW will be managed and subsequently disposed in 
accordance with SCDHEC guidance.  
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7.0 SCHEDULE 

A summary schedule or activities is presented in the following table: 
Task Target Completion Date 

Submit Pilot Test Work Plan to SCDHEC April 20, 2014 
SCDHEC Work Plan and UIC Approval Day 0 
Submittal of 3rd Progress Report May 28, 2014 

Key Monitor Wells and Observation Wells Sampled  Day 20 (20 days after approval)  

Injection Event Begins Day 45  

First Post ISCO Injection Groundwater Sampling Event Day 47 
Submittal of 4th Progress Report August 28, 2014 

Second Post ISCO Injection Groundwater Sampling 
Event 

Day 135 

Submittal of 5th Progress Report November 27, 2014 

Third Post ISCO Injection Groundwater Sampling Event Day 225 
Submittal of 6th Progress Report February 27, 2015 

Fourth Post ISCO Injection Groundwater Sampling 
Event 

Day 315 

Submittal of 7th Progress Report May 27, 2015 
Fifth Post ISCO Injection Groundwater Sampling Event Day 405 
Submittal of 8th Progress Report August 27, 2015 

Pilot Test Evaluation Report Submittal  Day 465 
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